The Cl replacement reactions of NO (1) or NN (2-5) spirocyclic monoferrocenyl cyclotriphosphazenes with the potassium salt of ethyl-4-hydroxybenzoate resulted in the full substituted phosphazenes (6-10). Their structures have been determined using elemental analysis, FTIR (Fourier transform), 1 H (one-dimensional-1D),
INTRODUCTION
The hexachlorocyclotriphosphazene (cyclic trimer, N3P3Cl6) is an important compound in the improvement of cyclotriphosphazene derivatives [1] , polyorganophosphazenes [2, 3] , and phosphazene dendrimers [4, 5] . The phosphorus-nitrogen backbone with six Cl atoms provide an ideal structure for synthesis new cyclotriphosphazene derivatives.
Due to their bactericidal and fungicidal properties, parabens are a class of widely used as preservatives, especially in personal care products, pharmaceuticals, and food [6] .
Recently, parabens have been mentioned as a significant substitute group to increase adjuvant [3, 7] , water-solubility [3, 8] , anti-cancer properties [9] of both the cyclophosphazenes and polyphosphazenes. In addition to that, paraben-substituted polyphosphazene compounds have been considered as hydrogels, membranes [3, 10] , and polyelectrolyte materials [11] .
In previous studies carried by our group, DNA interactions as well as cytotoxic and antimicrobial activities of ferrocenylphosphazene derivatives were investigated [12, 13, 14] . This study suggests that ferrocenylphosphazenes bearing a paraben derivative (ethyl-4-hydroxybenzoate) could show antimicrobial and cytotoxic activities, and DNA damaging properties. For this purpose, the tetrachloro spirocyclotriphosphazenes with ferrocenyl substituents on the spirocyclic unit (1-5) were synthesized as precursor materials which have four active P-Cl bonds [14, 15] . The substitution reactions of 1-5 with ethyl-4-hydroxybenzoate were carried out as emphasized. The structures of the new phosphazene derivatives (6-10) (Scheme 1) have been determined using FTIR (Fourier transform), 1 H (one-dimensional-1D), 31 P NMR techniques and elemental analyses. The molecular and solid-state structures of 9 and 10 were established using single crystal Xray diffraction methods.
MATERIALS AND METHODS

Reagents
Hexachlorocyclotriphosphazene (Aldrich), ferrocenecarboxaldehyde (Aldrich), ethyl-4-hydroxybenzoate (Aldrich) and aliphatic amines (Fluka) were purchased. These compounds were used without further purification. All solvents we used were dried.
Instruments
The melting points of the new compounds (6-10) were determined with a Thermo Scientific apparatus. ).
Synthesis of Ferrocenylphosphazene Derivatives
The tetrachloroferrocenylphosphazenes (1) (2) (3) (4) (5) were synthesized from the reactions of N3P3Cl6 with ferrocenylamines according to the methods reported in the literature [14, 15]. The same procedure used for 6 was followed for the synthesis of 7; using 2 (1.0 g, 1.37 mmol), ethyl-4-hydroxybenzoate (0.91 g, 5.47 mmol) and potassium carbonate (2.0 g). (8) The synthetic route used for 6 was followed for the synthesis of 8; using 3 (1.0 g, 1.83 mmol), ethyl-4-hydroxybenzoate (1.22 g, 7.31 mmol) and potassium carbonate (2.0 g). 5]deca-5,7,9-triene-7,7,9,9-tetrayl)tetrakis(oxy)]tetrakis(ethyl benzoate) (9) The experimental route used for 6 was followed, using 4 (1. (10) For the synthesis, the same procedure used for 6 was followed; using 5 (1.00 g, 1.78 mmol), ethyl-4-hydroxybenzoate (1.19 g, 7.13 mmol) and potassium carbonate (2.0 g).
1.
The product 10 was dissolved in n-hexane/ acetonitrile mixture and crystallized at room 
X-Ray Crystallography
Crystallographic data for 9 and 10 were recorded on a Bruker Kappa APEXII CCD areadetector diffractometer using Mo Kα radiation (λ= 0.71073 Å) at T = 296 K. Absorption corrections by multi-scan [21] were applied. Structures were solved by direct methods and refined by full-matrix least squares against F 2 using all data [22] . All non-H atoms were refined anisotropically. Atoms H3A and H3B (for CH2 group) were placed in a difference synthesis and refined isotropically for 9. Methyl, aromatic, methine, and 
RESULTS AND DISCUSSION
Synthesis and Characterization
The starting compounds (1) (2) (3) (4) (5) were synthesized in accordance with the published procedure [14, 15] . These precursor compounds have four reactive P-Cl bonds which may be replaced by the nucleophiles. Utilizing these features tetra-substituted ferrocenylphosphazenes (6-10) were obtained from the reactions of 1-5 and potassium salt of ethyl-4-hydroxybenzoate in refluxing THF (Scheme 1). The new compounds in all the reactions were isolated by column chromatography.
Scheme 1. The synthetic route for new phosphazene derivatives (6-10).
The 1 H-decoupled 31 P NMR spectral data of 6-10 are listed in Table 1 Hz. As expected, the nine protons belonging to the ferrocenyl groups are observed as a singlet (3.84-3.98 ppm). The spin system of all compounds is AX2.
X-ray Structural Studies
The molecular structures of 9 and 10 are shown in Figures 1 and 2 Compound 9 has intermolecular and intramolecular C−H…O hydrogen bonds; however, the hydrogen bonds are found in the compound 10, which has intramolecular hydrogen bonds. The details of the intramolecular bonds are indicated in Table 3 . Also, intramolecular C−H…O interactions can be seen in Figure 1 . As seen in Figure 3 , these intermolecular hydrogen bonds firstly link the molecules into centrosymmetric dimers, and then these dimers are linked to zig-zag form infinite chains running nearly along the c-axis. On the other hand, the π … π contact between the ferrocene rings, Cg(2)-Cg (3) [where Cg (2) and Cg(3) are the centroids of the rings (C4-C7/C13) and (C8-C12)] with the centroid-centroid distance of 3.286(3) Å and the C-H…π interaction may be effective in the stabilization of the crystal packing (Table 3 and Figure S1 ). 
CONCLUSIONS
In the current study, paraben-substituted ferrocenylphosphazene derivatives were synthesized. The structures of 9 and 10 were determined using X-ray crystallography.
The compounds synthesized are the precursor molecules for further investigations by our research group. 
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